In Southeast Asia, a huge amount of peat has accumulated under swamp forests over 17 millennia. Fires have been widely used for land clearing after timber extraction, thus land 18 conversion and land management with logging and drainage are strongly associated with fire 19 activity. During recent El Niño years, tropical peatlands have been severely fire-affected and 20 peatland fires enlarged. To investigate the impact of peat fires on the regional and global 21 carbon balances, it is crucial to assess not only direct carbon emissions through peat 22 combustion but also oxidative peat decomposition after fires. However, there is little 23 information on the carbon dynamics of tropical peat damaged by fires. Therefore, we 24 continuously measured soil CO 2 efflux (RP) through oxidative peat decomposition using six 25 automated chambers on a burnt peat area, from which about 0.7 m of the upper peat had been 26 lost during two fires, in Central Kalimantan, Indonesia. The RP showed a clear seasonal 27 variation with higher values in the dry season. The RP increased logarithmically as 28 groundwater level (GWL) lowered. Temperature sensitivity or Q 10 of RP decreased as GWL 29 lowered, mainly because the vertical distribution of RP would shift downward with the 30 expansion of an unsaturated soil zone. Although soil temperature at the burnt open area was 31 higher than that in a near peat swamp forest, model simulation suggests that the effect of 32 temperature rise on RP is small. Annual gap-filled RP was 382±82 (the mean ± one standard 33 deviation of six chambers) and 362±74 gC m -2 y -1 in 2004-2005 and 2005-2006 years, 34 respectively. Simulated RP showed a significant negative relationship with GWL on an 35 annual basis, which suggests that every GWL lowering by 0.1 m causes additional RP of 89 36 gC m -2 y -1 . The RP accounted for 21-24% of ecosystem respiration on an annual basis.
Introduction 39
In Southeast Asia, peat has accumulated under swamp forests over millennia (Dommain et al., 40 circulated into an infrared gas analyzer (LI820; Licor Inc., Lincoln, NE, USA) with an air 146 pump, which measured CO 2 concentration every 5 s. The rate of CO 2 increase was calculated 147 by linear fitting using the least-squares method. For quality control, CO 2 efflux data were 148 excluded if the correlation coefficient of the fitting was less than 0.424, at which point the 149 linearity was significant at a 1% level. The gas analyzer was calibrated every 3 months using 150 standard gas with two CO 2 concentrations. 151 Six chambers were installed on the flat bare ground, avoiding small ponds, within 3 m of 152 each other in April 2004, 1.5 years after a large fire. There were no living trees with deep root 153 systems within 7-8 m from the chambers. Plant detritus was removed from the soil surface 154 before chamber installation. No plants existed in the chambers throughout the measurement 155 period. Fern and sedge plants re-growing around the chambers were picked off periodically to 156 prevent roots from invading under the deeply-inserted chamber walls. These precautions 157 ensure that soil CO 2 effluxes were equivalent to oxidative peat decomposition rates (peat 158 respiration: RP) without contamination by root respiration. 159 Volumetric soil water content (SWC) was measured for surface peat of 30-cm thickness 160 using a time-domain-reflectometry (TDR) sensor (CSI615; Campbell Scientific Inc.) at three 161 locations on the surface. The TDR output was calibrated using the conventional oven-drying 162 method (Topp & Ferré, 2002) . Soil was sampled at depths of 5, 15 and 25 cm, respectively, 163 near each TDR sensor using a core sampler of 50 cm 3 in volume. Soil sampling was 164 conducted three times in different GWL conditions. Soil temperature was measured at 5 cm 165 depth at one point inside and three points outside the chambers, respectively, using 166 thermocouple thermometers. Signals from the sensors were measured every 30 s; their 167 half-hourly means were recorded using a data logger (CR10X; Campbell Scientific Inc.).
168
Groundwater level (GWL) was measured as the distance from the ground surface every 30 169 minutes using a water level logger (DL/N; Sensor Technik Sirnach AG, Switzerland or 170 DCX-22 VG; Keller AG, Switzerland). These underground sensors were installed within 3 m 171 from the chambers.
173
Temperature correction and gap filling 174 Chambers altered soil temperature in comparison with surrounding soil surfaces. Inside 175 temperatures were higher during the daytime and lower during the nighttime than the outside 176 temperatures ( Fig. 1 ). On average, daily maximum and minimum temperatures increased 177 3.7ºC and decreased 2.8ºC, respectively, in chambers, which doubled the diurnal range. To 178 remove such a temperature effect, soil CO 2 efflux (RP) was modeled using soil temperature 179 and GWL (Eqn. 1).
180
where a is base RP at 0ºC, b is a temperature factor and T i is the soil temperature inside a 182 chamber at 5-cm depth; a and b are linearly related to GWL (a = c + d·GWL and b = e + 183 f·GWL); both base RP and temperature factors are related to GWL. The validity of these 184 relationships with GWL will be described later. The fitting parameters of c, d, e and f were 185 determined by nonlinear regression, and then RP was corrected using the following equation
where RP c is temperature-corrected RP, RP m is measured RP and T o is outside soil 189 temperature. Eqn. 1 was also used to fill data gaps after quality control.
190

Results
192
Effect of groundwater level 193
To remove the effect of diurnal temperature variation ( Fig. 1 ), daily mean soil CO 2 efflux 194 (RP) was calculated for each chamber if the number of half-hourly data were more than 36 195 (three quarters) on a day after the quality control. As a result, 156-299 days of daily mean data 196 were generated for each chamber. The RP increased as GWL decreased (Fig. 2) . The negative seasonal variation of RP was much larger than that of RE (Fig. 5b) . The RP contributed more 237 to RE in the dry season (Fig. 5c ). The contribution of RP increased up to 40% or more in the 238 dry season, whereas it was less than 20% in the rainy season. year 04-05 (Table 2) . The effect of soil temperature was analyzed using temperature data measured at a depth of 5 289 cm. The apparent temperature sensitivity of RP tended to decrease as GWL lowered (Fig. 3) , 290 mostly because the vertical distribution of peat decomposition changed along with GWL 291 change (Laiho, 2006) . Apparent Q 10 was calculated at 1.36 and 1.16 at GWLs of 0.0 and -0.6 292 m, respectively, from the linear relationship (Fig. 3) . The contribution of the decomposition of 293 deeper peat to soil CO 2 efflux (RP) would increase as GWL lowers, because deeper peat is 294 more aerated with lower GWL. Thus, low GWL shifted the vertical distribution of peat 295 decomposition downward and deepened the peak position of peat decomposition, which 296 separates the peak depth of peat decomposition from the temperature-measuring depth. As a 297 result, RP became more out of phase with soil temperature at 5-cm depth as GWL lowered.
298
Temperature sensitivity probably increases, if soil temperature was measured at a peak depth.
299
The uppermost layer of several centimeters in thickness dried out in the late dry season,
300
whereas mean SWC of the upper layer of 30-cm thickness kept relatively high above 0.52 m 3 301 m -3 (Fig. 4) . The surface desiccation probably reduced the apparent temperature sensitivity 
312
The study site used to be a swamp forest but was cleared of trees by fires. As a result, soil 313 temperature at a depth of 5 cm was 2.9ºC higher on a daily basis and had larger diurnal range 
323
Chamber installation increased the diurnal range of soil temperature from 5.9 to 12.5ºC 324 on average, whereas daily means were similar between inside and outside chambers: 28.8 and 325
28.3ºC, respectively (Fig. 1 ). In addition, such temperature disturbance attenuates with peat 326 depth. These facts suggest that the chamber effect through temperature alteration (Fig. 1) Daily-mean RP increased as GWL decreased, and the relationship was approximated 333 significantly (p < 0.001) with a logarithmic curve (r 2 = 0.64) or a line (r 2 = 0.60) (Fig. 2) . The The contribution of RP to ecosystem respiration (RE) had an obvious seasonality (Fig. 5) , 360 which shows that the contribution increased in dry conditions. On an annual basis, RP 361 accounted for 24% and 21% of RE in 04-05 and 05-06 years, respectively ( and increased in moist conditions, whereas it decreased if GWL rose aboveground (Fig. 6 ).
365
The GPP or ecosystem photosynthesis showed a quadratic relationship with GWL with low 366 would respond to GWL similarly, because autotrophic respiration is strongly linked to GPP 368 through direct consumption of photosynthate. The positive or optimum moisture responses of 369 the decomposition rates of CWD (Jomura et al., 2007; Wang et al., 2002) and litter (Kim et al., 370 2005) also support the relationship between the residual and GWL (Fig. 6) . 
